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In a nultivalley seniconductor, a.n eLectrlq fleld E* glves rlse to transveree currents

of electrons belonglng to different valleys
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(uli'-,noUUtty teneor in o-tir valley). If the genlconcluctor ls honogeneous ln the y direction

then nta/ = n/m everlrrbere except in a thin surface reglon (n - total electron ilenslty, n -

number of equivalent val.leys), so that in a crystaL vith cubic symnetry
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the current in the y dlrectlon equale 0. In the presence of a gradient dn/{y, the continuity
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of the cunent J'-l'i" vlo1ated., leading to the appea"rance of an intervalley redletribution- v
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where r is the intervalley relarcatlon tlne. Devlation frorn the tntervalley eguillbrlrrn (2)

glvea rise to anisotropy of the eoncluctivity of the senlconductor, so that the total electron

current in the y direction now consists of the dlffuslon curentr connected vith the gra<Ilent

dn/dt, the dfift. current in the fieltl Err and the enlsotropic current in the fieJ.cl E*. Slnce

the latter ls proportional to the dn/{ifr. a "change tal<es plece in the effective coefficient of

diffirslon 1n the y direction
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O_ = (Xf/e)u_ is the average ( isotropic) electron nobil l ty, and y is the dfuFhsionless electr ic
n n

field E :x
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Fornul-as (3) - (5) vere obtained assruring a small retlistribution, neaning emooth in-

honogeneity

y L < 1  L r ,
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vhere L_ is the characteristtc length of the inhonogeneity. We note that in the opposite ca,se
h

- nea! I  sharp inhomogeneity - phenonena similar !o those considered in l l r  2] come j 'ato p1ay.
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We now derine some of the consequencee of the growth of the diffusion coefficient.

I. Monopolar Semlconductor

In thie case the carrier-concentratlon gradient can be obtalned by honogeneous cloping.

lbe conditlon that there be no transverge current (J-- = O) l-eads to the appearance of a
J

transverse volurne enf
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Ttre enf V, is etrictly proportional to the square of E*i its slgn ls deterillned by the sign of

the concentratlon gratllent, ancl lts nagnltude is proportlonaL to r (antt can apparently be

used for lts roeasurement).

In the cLerlvation of forrula (f) ft was aasumed that r does not depenct on y. At low

temperatures ard hlglr lnpurlty concentratlons (see [3, L]), r clepend,s on the concentration and

on the clegree of donor ionizatton. In the eiuplest cese, vhen all the donors are ionizecl and

quasineutrallty taltee pl-ace, lt can be assumed that r = (a + bn)-li then

v,-,t *rrotptfftl,

vhere yo is the value of y at t = "-1.

2. Bipolerlonequilibriutseeicond,uctor

The inhonogeneous cllstribution of the electrons ln the semlconductor can be proilucecl
by photogeneratton that 1s inhomogeneoug-in lhe y dlrection (or else by hornogeneous generatlon

but as a regult of the lnfluence of surface reconblnatlon). The coefficient ofbipolar

diffuslon in the y directlon is then egual to
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1.e.r it rernains equal to Dn tn an n-type semlconcluctor andbecones equal to Dl in a p-type

semiconductor' when P ! n we get

D -  2 D p D n / @ ;  D , ) t t  * ( y 2 / z ) l  .

?he grorth of the <ltffuslon coefficient ln the y direction vith increasing field. E* leacls to
a tfstretchingrt of the diffuslon J.engths of the carrlers rith respect to recomblnatlon

( g )

( ro1

(We note that the criterion (6) fe alvays setisfied here if L0 ,r L, vhich is usuallyjhe case
by a large nargin).
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Ttre dependence Ln on the draving field. E* greatly influences the field dependence of the

pho tocu r ren t  ( c f . 1  €og . ,  [ 5 ] ) .

In concluslon ve note that inasnuch as in gennaniun the length of the lntervalley

scattering t remains eesentially larger than the cooling length ilu el-ost all situations (the

only exception being cases of very high densities and extremely 1ov tenperatures, the contlition

y > 1r whlch is necessary for an appreciable stretchlng of Lnr ls sti lL eatlsfied in non-

heating fielde. Hovever, at low temperaturesr the intervalley scattering tine t, cletenrlned

by the seatterlng vlth enission of intervalley phonons, may turn out to be sensltive to snall

degrees of heating, so that in general t = r(E*). Flnally, in the blpolar case, the inter-

valley scattering may proceecl via a,n internecllate exclton etate (slnllar to the proposecl

intervalley scattering,vi.a abountl state by donorg in [3, }t]). Then t vil l  depend on p antl

vi}l <lepencl on y, together ',rith the concentration, at high illunlnation levels (p = n).
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